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STANDARD CELL LAYOUT
ARCHITECTURES AND DRAWING STYLES
FOR 5NM AND BEYOND

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Patent
Application Ser. No. 62/492.,702, entitled *“Standard Cell
Layout Architectures and Drawing Styles For SNM and
Beyond”, filed May 1, 2017, the entirety of which 1s

incorporated herein by reference.

BACKGROUND
Description of the Relevant Art

As both semiconductor manufacturing processes advance
and on-die geometric dimensions reduce, semiconductor
chips provide more functionality and performance while
consuming less space. While many advances have been
made, design 1ssues still arise with modern techniques in
processing and integrated circuit design that limit potential
benefits. For example, capacitive coupling, electromigra-
tion, leakage currents and processing yield are some issues
which aflect the placement of devices and the routing of
signals across an entire die of a semiconductor chip. Thus,
these 1ssues have the potential to delay completion of the
design and aflect the time to market.

In order to shorten the design cycle for semiconductor
chips, manual full-custom designs are replaced with auto-
mation where possible. A designer provides a description of
a Tunctional unit or a complex gate i a high-level descrip-
tion language such as Verilog, VHDL and so on. A synthesis
tool recerves the logic description and provides the logical
netlist. The logical netlist 1s used by a place-and-route
(PNR) tool to provide physical layout. The place-and-route
tool uses a cell layout library to provide the physical layout.

The cell layout library includes multiple standard cell
layouts for providing the various functionalities used by the
semiconductor chip. In some cases, a standard cell layout 1s
created manually. Therefore, each new standard cell layout
or each original standard cell layout being modified 1is
created manually. In other cases, the rules used by the
place-and-route tool are adjusted to automate the cell cre-
ation. However, the automated process at times does not
satisty each of the rules directed at performance, power
consumption, signal integrity, process yield, both local and
external signal routing including internal cross coupled
connections, height and width cell dimensions matching
other cells, pin access, power rail design and so on. There-
fore, designers manually create these cells to achueve better
results for the multiple characteristics or rewrite the rules for
the place-and-route tool.

In view of the above, eflicient methods and systems for
laying out standard cells are desired.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the methods and mechanisms
described herein may be better understood by referring to
the following description 1n conjunction with the accompa-
nying drawings, in which:

FIG. 1 1s a generalized diagram of a cross-sectional view
of a portion of a semiconductor device being fabricated.
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FIG. 2 1s a generalized diagram of another cross-sectional
view of a portion of a semiconductor device being fabri-
cated.

FIG. 3 1s a generalized diagram of another cross-sectional
view ol a portion of a semiconductor device being fabri-
cated.

FIG. 4 15 a generalized diagram of another cross-sectional
view ol a portion of a semiconductor device being fabri-
cated.

FIG. 5 1s a generalized diagram of a top view of a standard
cell layout for a six device multiplexer.

FIG. 6 1s a generalized diagram of a top view of a standard
cell layout for a six device multiplexer.

FIG. 7 1s a generalized diagram of a top view of a standard
cell layout for a six device multiplexer.

FIG. 8 1s a generalized diagram of a top view of a standard
cell layout for a six device multiplexer.

FIG. 9 1s a generalized diagram of a top view of a standard
cell layout for a six device multiplexer.

FIG. 10 1s a generalized diagram of a top view of a
standard cell layout for a six device multiplexer.

FIG. 11 1s a generalized diagram of a top view of a
standard cell layout for a six device multiplexer.

FIG. 12 1s a generalized diagram of a top view of a
standard cell layout for a six device multiplexer.

FIG. 13 1s a generalized diagram of a top view of a
standard cell layout for a six device multiplexer.

FIG. 14 1s a generalized diagram of a method for creating
layout for a standard cell.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments are shown
by way of example 1n the drawings and are herein described
in detail. It should be understood, however, that drawings
and detailed description thereto are not imntended to limit the
invention to the particular form disclosed, but on the con-
trary, the invention 1s to cover all modifications, equivalents
and alternatives falling within the scope of the present
invention as defined by the appended claims.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, one having ordinary skill in the art
should recognize that the invention might be practiced
without these specific details. In some instances, well-
known circuits, structures, and techniques have not been
shown 1n detail to avoid obscuring the present ivention.
Further, 1t will be appreciated that for simplicity and clarity
of 1illustration, elements shown in the figures have not
necessarilly been drawn to scale. For example, the dimen-
sions of some of the elements are exaggerated relative to
other elements.

Systems and methods for efliciently creating layout for a
standard cell are contemplated. In an embodiment, a stan-
dard cell to be used for an integrated circuit includes
multiple transistors as well as one or more “full trench
silicide straps.” As used herein, a full trench silicide strap 1s
a single, uminterrupted, trench silicide contact formed as a
drain region of at least two separate transistors—in contrast
to connecting two separate transistor drain regions via an
additional conductive layer. In other words, a full trench
silicide strap 1s a single conductive layer that 1s physically
uninterrupted by another conductive layer as 1t traverses at
least two different active regions. In addition, the standard
cell includes one or more trench silicide contacts, each 1s
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formed as a source region or a drain region of a respective
transistor of the multiple transistors in the standard cell.

In an embodiment, the full trench silicide strap 1s used as
a single node shared by a pmos transistor and an nmos
transistor. In various embodiments, the single node 1s an
intermediate output node within the standard cell where the
value of the output node 1s used within the standard cell but
not used outside of the standard cell. In an embodiment, a
self-aligned gate and local interconnect process 1n addition
to a gate open contact process 1s used to create the full trench
silicide strap. In various embodiments, using the full trench
silicide strap removes the use of any further connections
beyond the trench silicide to electrically connect the drain
regions of the pmos transistor and the nmos transistor. For
example, no other conductive layer and corresponding con-
tacts or vias are used.

In an embodiment, the full trench silicide strap 1s a
unidirectional signal route between the pmos transistor and
the nmos transistor. As used herein, a unidirectional signal
route 1s a signal route with no bends. In contrast, signal
routes with bends, such as L-shapes and other angles for the
routes, are referred to as bidirectional routes. Bidirectional
routes create a significant on-die area penalty as well as
reduce the number of tracks used for routing signals. In one
example, self-aligned double patterned (SADP) breaks are
created for the bidirectional signal routes. The created
separation, which 1s referred to as an SADP break, causes an
appreciable area penalty.

Taking advantage of relatively aggressive reductions in
features 1 semiconductor processing for semiconductor
structures, multiple metal zero unidirectional routes, which
are to be used as local interconnect, are placed across the
standard cell where each route connects to one of the
multiple trench silicide contacts. Accordingly, the use of
higher level metal layers and the corresponding contacts in
the standard cell 1s reduced. Power and ground connections
utilize pins rather than end-to-end rails 1n the standard cell.
Additionally, intermediate nodes are routed 1n the standard
cell with unidirectional tracks.

In the following description of creating standard cell
layout, FIGS. 1-4 show cross-sectional views of a semicon-
ductor device being fabricated. Although particular fabrica-
tion techniques and materials are described, any of a variety
of methods can be used. The semiconductor device being
shown 1s used to illustrate an example of a device used 1n a
complex gate, such as a multiplexer, where the standard cell
layout 1s shown in FIGS. 5-13. Turning now to FIG. 1, a
generalized block diagram of a cross-sectional view of a
portion ol a semiconductor device being fabricated 1s
shown. Here, silicon semiconducting epitaxial growth layer
120 1s on top of the silicon substrate 140. The stack 130 of
alternating semiconductor conduction layers are shown on
top of the top-most semiconducting layer 120, which 1s the
silicon semiconducting epitaxial growth layer. Alternating
conduction layers are grown on top of the silicon substrate
105 and then flipped over. In some embodiments, a silicon
germanium semiconducting epitaxial growth layer 110 1s
grown first followed by a silicon semiconducting epitaxial
growth layer 115, and then the layers 110 and 115 alternate.
In other embodiments, the stack 130 additionally includes a
gallium arsenide semiconducting layer. Other semiconduct-
ing layers for the stack are possible and contemplated. A
dashed line 1s used to show a bonding surface.

In various embodiments, the trench 102 in the silicon
semiconducting epitaxial growth layer 120 uses multiple
layers of silicon dioxide 150, silicon nitride 160, and silicon
dioxide 150, provide an isulating layer for the non-planar
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semiconductor device being fabricated. In other embodi-
ments, a silicon nitride layer 160 1s not used and the trench
102 1s only filled with silicon dioxide 150 to provide the
insulating layer for the non-planar semiconductor device
being fabricated. In some embodiments, each layer within
the trench 102 has a separate and different thickness. In other
embodiments, multiple layers within the trench 102 have a
same thickness.

Referring now to FIG. 2, a generalized block diagram of
another cross-sectional view of a portion of a semiconductor
device being fabricated 1s shown. Components described
carlier are numbered 1dentically. Here, a Fin stack 210 of
alternating semiconducting layers 1s created from the pre-
vious stack 130 of alternating semiconducting layers. Sili-
con Fins with a relatively small pitch but with dimensions
suitable for field eflect transistors are formed by multiple
processes. In various embodiments, the silicon Fins are
formed with a sidewall image transfer (SIT) process. In
other embodiments, the silicon Fins are formed with
extreme ultraviolet (EUV) lithography. In yet other embodi-
ments, the silicon Fins are formed by directed selt-assembly
(DSA) patterning via chemoepitaxy or self-aligned customi-
zation.

Referring now to FIG. 3, a generalized block diagram of
another cross-sectional view of a portion of a semiconductor
device being fabricated i1s shown. Components described
carlier are numbered 1dentically. As shown, a spacer 305 is
formed 1n the inner walls of the insulating layer 360 by being
deposited and etched. In various embodiments, the spacer
305 includes silicon nitride. In other embodiments, the
spacer 3035 1s a combination of silicon dioxide and silicon
nitride. A relatively thin silicon dioxide layer 1s grown on the
s1licon epitaxial growth layers 115 to provide silicon nanow-
ires 350 in the gate region. In some examples, the silicon
nanowires 350 have a thickness of 5-3 nanometers, whereas
the gate silicon dioxide layer (shell) has a thickness ranging,
from 1 nanometer to 10-15 angstroms. A dry oxidation
processing step at an elevated temperature 1s used to form
the relatively thin oxide shell on the silicon nanowires 350.
After this, a high-k dielectric, such as haitnium oxide
(H1O2), can be deposited on the oxide shell on the nanow-
ires 350 using an atomic layer deposition (ALD). The high-k
dielectric may also be referred to as a high-k film.

(Gate metal material 310 has been deposited followed by
CMP steps to polish the gate metal 310. In various embodi-
ments, titanium nitride (T1N) 1s used for the gate metal 310.
The gate metal 310 1s provided around the nanowires 350.
The stack of silicon dioxide layers 150 and the nitride layer
160 1n the trench 102 provides a local silicon on 1nsulator
(SOI) where the gate region 1s isolated from the silicon
substrate 140. Therefore, the capacitive coupling between
the gate region and the silicon substrate 140 1s reduced.
However, the local SOI does not span the length of the
semiconductor device being fabricated as 1s done with
typical SOI. Rather, the local SOI has the length L1 and 1s
bounded by a site for a source region and a site for a drain
region.

As shown, a source contact 320 for the source region, a
gate contact 330 and a drain contact 340 for the drain region
are formed. In some embodiments, silicide contacts are
formed at both ends of the silicon nanowires providing low
resistive contacts 320 and 340 for the source region and the
drain region. Between depositing the metal gate 310 and
forming the contacts 320-340, the insulating layer 360 1is
ctched away followed by the source region and the drain
region are formed by an implantation process. Afterward,
another msulating layer 1s deposited, but this time around the




US 11,211,330 B2

S

alternating portions of the conduction layers 110 and 115
outside of the silicon nitride spacers.

Turning now to FIG. 4, a generalized block diagram of a
cross-sectional view from the front of the semiconductor
device being fabricated 1s shown. Components described
carlier are numbered i1dentically. As shown, the silicon
nanowires 350 are shown horizontally between the source
region and the drain region. The metal gate 310 1s shown
throughout the gate region and around the nanowires 350 to
provide a gate all around GAA) semiconductor device. As
described earlier, the stack of silicon dioxide layers 150 and
silicon nitride layer 160 1n the trench 102 provides the local
silicon on 1nsulator (SOI) where the gate region 1s 1solated
from the silicon substrate 140.

It 1s noted that in some embodiments, the silicon germa-
nium semiconducting layer 110 1s selected to remain for
building p-channel semiconductor devices. The silicon
semiconducting layer 115 1s selected to remain for building
n-channel semiconductor devices. It 1s also noted that other
materials may be used for the semiconducting layers. For
example, gallium arsenide (GaAs) can be used for building
n-channel semiconductor devices. In various embodiments,
if the selected semiconducting layer to remain resides on top
of the top-most semiconducting layer 120, then an additional
trench 1s etched into the silicon dioxide layer 150 for
depositing gate material 310. Otherwise, no additional
trench 1s used.

Turning now to FIG. 5, a generalized block diagram of a
top view of a standard cell layout 500 1s shown. Here, the
active regions are not shown 1n the standard cell layout 500

for ease of illustration. The PMOS FETS (pfets) are at the
top of the standard cell layout 500 and the NMOS FETS
(nfets) are at the bottom of the standard cell layout 500. In
the illustrated embodiment, the standard cell layout 500 1s
for a six device multiplexer. However, the layout techniques
shown i FIGS. 5-13 can be used for a variety of other
standard cells used for other complex gates and functional
units. In some embodiments, the devices 1n the standard cell
layout 500 are fabricated by one of the immersion lithog-
raphy techniques, the double patterning technique, the
extreme ultraviolet lithography (EUV) technique, and the
directed self-assembly (DSA) lithography technique. In
some embodiments, the EUV technique provides more tlex-
ibility relative to via and contact modules relative to other
techniques.

In various embodiments, the devices (transistors) in the
standard cell layout 500 are non-planar devices (transistors).
Non-planar transistors are a recent development 1n semicon-
ductor processing for reducing short channel eflects. Tri-
gate transistors, Fin field eflect transistors (FETs) and gate
all around (GAA) transistors are examples ol non-planar
transistors. Examples ol fabrication techniques for non-
planar devices were shown earlier in FIGS. 1-4. As shown,
the standard cell layout 500 uses metal gate 510 1n a vertical
direction, trench silicide contacts 520 for the source and
drain regions and as local interconnects in the vertical
direction, metal 0 (M0 or Metal0) 530 for local intercon-
nections 1n the horizontal direction, contacts 540 for con-
necting the metal gate 510 to Metal0 530 and contacts 542
for connecting the trench silicide contact 520 to Metal0 530.

As shown, starting from the leit, each of the third, fourth,
sixth and seventh columns in the standard cell layout 500
uses separate and physically disconnected trench silicide
contacts 520. As shown, 1n the third column, a trench silicide
contact 520 is a trench silicide contact formed from the top
of the cell layout 500 and stops near the midpoint of the cell
layout 500. Therefore, there 1s an interruption 1n the physical
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formation of the trench silicide contact 520 going from the
top to the bottom of the cell layout 500. In the third column,
another trench silicide contact 520 1s formed from close to
the midpoint of the cell layout 500 and ends at the bottom
of the cell layout 500. Therefore, there 1s a physical inter-
ruption, or a physical break, between the top trench silicide
contact 520 and the bottom trench silicide contact 520 1n the
third column. The third column uses two separate and
physically disconnected trench silicide contacts 520. Each of
these two trench silicide contacts 520 forms either a source
region or a drain region of a respective transistor 1n the cell
layout 500. In order to connect the source or drain region to
another node, such as a region of another transistor, a contact
and an additional metal layer 1s used.

In contrast, starting from the far left, each of the second,
fifth and eighth columns use one of the full trench silicide
straps 522A-522C for local interconnection. Each of the full
trench silicide straps 522A-522C 1s a trench silicide contact
formed 1n a physically uminterrupted manner from the top of
the standard cell layout 500 where the piet 1s located to the
bottom of the cell layout 500 where the nfet 1s located. There
1s no break in each of the full trench silicide straps 522 A-
522C from the top to the bottom of the cell layout 500.
Therefore, 1n each of the second, fifth and eighth columns,
the standard cell layout 500 uses one of the full trench
silicide straps 522A-522C as a single node shared by a piet
and an nfet.

Each of the full trench silicide straps 522A-522C 1s a
trench silicide contact formed as a drain region of two
separate transistors in the cell layout 500. In one example,
the first transistor of the two transistors 1s the pfet at the top
of the cell layout 500 in the third column and the second
transistor of the two transistors 1s the niet at the bottom of
the cell layout 500 1n the third column. The two transistors
in the third column use the same one of the full trench
silicide straps 522A-522C for routing the drain terminal
connections 1n place of using two separate and disconnected
trench silicide contacts 520, a contact and an additional
metal layer.

The single shared nodes using a respective one of the full
trench silicide straps 522A-522C are achieved without using
contacts 542 and Metal0 530, and therefore, eliminate using
Metal 2 1n later cell connections. Each of the single shared
nodes uses one of the full trench silicide straps $22A-522C
which includes the trench silicide contact from the piet to the
nifet in a continuous manner, or with no physical breaks.
Accordingly, the full trench silicide straps 522A-522C pro-
vide eflicient cell signal routing. In one embodiment, a
self-aligned gate and local interconnect process 1n addition
to a gate open contact process 1s used to create the full trench
silicide straps 522A-522C.

Referring to FIG. 6, a generalized block diagram of a top
view of a standard cell layout 600 1s shown. Layout elements
described earlier are numbered 1dentically. Here, the layout
600 1s the same as the layout 500, but the horizontal groups
610 and 620 of Metal0 530 are highlighted. As shown, the
layout 600 uses a group 610 at the top for routing three
horizontal signal routes with the horizontal Metal0 530 local
interconnect. In addition, the layout 600 uses a group 620 at
the bottom for routing three horizontal signal routes with the
horizontal Metal0 530 local interconnect. Although three
horizontal tracks are shown for the groups 610 and 620, in
other embodiments, any number of tracks are used for
routing signals with the horizontal Metal0 530 in groups 610
and 620.

Each horizontal track 1in the groups 610 and 620 1s capable
of connecting to eitther a trench silicide contact 520 or one
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of the full trench silicide straps 522A-522C without any
bends 1n 1ts routing. Therelore, these horizontal tracks utilize
unidirectional routes. In the 1llustrated embodiment, begin-
ning at the left of the layout 600, the first, third, fourth, sixth,
seventh and ninth trench silicon contacts are trench silicon
contacts 520. Here, the number of horizontal tracks able to
connect to these trench silicon contacts at the top and bottom
of the layout 600 1s three. Again, in other embodiments,
another number of tracks are able to connect with contact
542. Areas outside the trench silicide contacts 3520 are
available for signal routing and power and ground connec-
tions using Metal0 530.

As shown, spacing 630 exists between the two groups 610
and 620, which can be used for additional signal routing
tracks. In some embodiments, the extreme ultraviolet lithog-
raphy (EUV) technique 1s used to provide the resolution of
cach of the width and the pitch of the horizontal Metal0 530
routes 1n the groups 610 and 620. The EUV technique uses
an extreme ultraviolet wavelength to reach resolution below
40 nanometers. The extreme ultraviolet wavelength 1s
approximately 13.5 nanometers. Relatively high tempera-
ture and high density plasma 1s used to provide the EUV
beam. In other embodiments, the directed self-assembly
(DSA) lithography technique used to provide the resolution
of each of the width and the pitch. The DSA technique takes
advantage of the self-assembling properties ol materials to
reach nanoscale dimensions.

In yet other embodiments, the resolution of each of the
width and the pitch of the horizontal Metal0 530 routes in
the groups 610 and 620 is set by the immersion lithography
technique. Immersion lithography uses a liquid medium,
such as purified water, between the lens of the imaging
equipment and the wafer surface. Previously, the gap space
was simply air. The resolution achieved by this technique 1s
the resolution of the imaging equipment increased by the
refractive index of the liguid medium. In some examples, the
increased resolution falls above 80 nanometers.

In other embodiments, the double patterning technique 1s
used to provide the resolution of each of the width and the
pitch of the horizontal Metal0 530 routes 1n the groups 610
and 620. The double patterning technique uses 1mmersion
lithography systems to define features with resolution
between 40 and 80 nanometers. Either of the self-aligned
doubled patterning (SADP) technique or the litho-etch-litho-
ctch (LELE) technique 1s used. The double patterning tech-
nique counteracts the eflects of diflraction 1n optical lithog-
raphy, which occurs when the mimmum dimensions of
features on a waler are less than the 193 nanometer wave-
length of the i1lluminating light source. Other examples of
techniques used to counteract the eflects of diffraction in
optical lithography are phase-shiit masks, optical-proximity
correction (OPC) techniques, optical equipment 1mprove-
ments and computational lithography.

When selecting between immersion lithography, double
patterning, EUV and DSA techniques, and other techniques,
cost 1s considered as the cost increases from immersion
lithography to EUV. However, over time, the costs of these
techniques adjust as well as additional and newer techniques
are developed for providing relatively high resolution for the
width and the pitch of the horizontal Metal0 530 routes in
the groups 610 and 620. Accordingly, one of a variety of
lithography techniques 1s used to provide relatively high
resolution for the width and the paitch.

The relatively high resolution for the width and the pitch
allows for 3 locations for contacts to be placed on the trench
silicide contact 520 and the metal gate 510. These 3 loca-
tions are also referred to as the 3 hit points or the 3 spots for
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contacts to be placed on the trench silicide contact 520 and
the metal gate 510. The 3 locations provide ellicient signal
and power routing. For example, the plets at the top of
layout 600 have access to three potential locations for
contacts, and similarly, the nfets at the bottom of layout 600
have access to three potential locations for contacts. The
flexibility offered by the three potential locations for con-
tacts eliminates using other metal interconnects, such as
Metal 1 or Metal 2, and the corresponding contacts for
routing signals and power.

Referring to FIG. 7, a generalized block diagram of a top
view ol a standard cell layout 700 1s shown. Layout elements
described earlier are numbered 1dentically. Here, the layout
700 1s the same as the layouts 500 and 600, but the tracks
710, 720 and 730 are highlighted. The tracks 710, 720 and
730 are additional free tracks to use Metal0 530 for signal
routing, power and ground connections, and pin connec-
tions.

Referring to FIG. 8, a generalized block diagram of a top
view ol a standard cell layout 800 1s shown. Layout elements
described earlier are numbered 1dentically. Here, the layout
800 1s the same as the layouts 500, 600 and 700, but layout
800 additionally uses metal 1 (M1 or Metall) 810 for local
interconnections in the vertical direction and vias 820 for
connecting the horizontal interconnect Metal0 530 to the
vertical interconnect Metall 810. It 1s noted no metal layers
(horizontal Metal0 530 and vertical Metall 810) use bends
or L-shapes 1n the signal routes. Metal layers with no bends
or L-shapes are referred to as unidirectional layers. For
example, the horizontal Metal0 530 remains horizontal and
does not bend toward a vertical direction. Similarly, the
vertical Metall 810 remains vertical and does not bend
toward a horizontal direction.

In addition, the layout 800 uses a cross-coupled route with
Metal0 530, the via 820 and Metall 810. There 1s no use of
an additional higher-level metal layer such as Metal 2.
Theretore, the highest metal layer used 1n the route 1s Metall
810. The cross-coupled gate connection 1s highlighted with
the bolder lines. As shown, a cross-coupled route traverses
between a gate contact of a first transistor and a gate contact
of a second transistor. In various embodiments, the second
transistor 1s a different type of transistor than the first
transistor. For example, a cross-coupled inverter uses a first
cross-coupled route between a gate contact of a first pmos
transistor and a gate contact of a first nmos transistor in
addition to a second cross-coupled route between a gate
contact of a second nmos transistor and a gate contact of a
second pmos transistor.

Referring to FIG. 9, a generalized block diagram of a top
view ol a standard cell layout 900 1s shown. Layout elements
described earlier are numbered 1dentically. Here, the layout
900 1s the same as the layout 800. As described earlier,
layout 800 highlights a first cross couple gate connection
with Metall 810 and no use of an additional metal layer such
as Metal 2. Layout 900 highlights a second cross couple gate
connection with Metall 810 and no use of an additional
metal layer such as Metal 2. The second cross couple gate
connection 1s highlighted with the bolder lines. The metal
layers are umidirectional similar to the metal layers 1n layout
800.

Referring to FIG. 10, a generalized block diagram of a top
view ol a standard cell layout 1000 1s shown. Layout
clements described earlier are numbered 1dentically. Here,
the layout 1000 1s the same as the layouts 800 and 900. With
bolder lines, layout 1000 highlights the four input and output
pins with the tall vertical Metall 810 routing, which allow
for relatively high pin access availability.
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Referring to FIG. 11, a generalized block diagram of a top
view ol a standard cell layout 1100 1s shown. Layout
clements described earlier are numbered 1dentically. Here,
the layout 1100 1s the same as the layouts 800, 900 and 1000.
With bolder lines, layout 1100 highlights the power pins at
the top and the ground pins at the bottom. As shown, layout
1100 does not use end-to-end power rails anywhere let alone
in Metal0 530. The Metall 810 highlighted routing at the top
provides flexible connection to Metal 2 tracks for creating
power connections. The Metall 810 highlighted routing at
the bottom provides flexible connection to Metal 2 tracks for
creating ground connections. The flexible connections are
used instead of end-to-end rails.

Referring to FIG. 12, a generalized block diagram of a top
view ol a standard cell layout 1200 1s shown. Layout
clements described earlier are numbered 1dentically. Here,
the layout 1200 1s the same as the layouts 800, 900, 1000 and
1100, but layout 1200 additionally uses metal 2 (M2 or
Metal2) 1220 and via 1210 for connecting Metall 810 to
Metal2 1220. The Metal2 1220 posts on the vias 1210 are
optional. In various embodiments, the post location are not
be fixed at the chip level and the post location 1s optional
inside the standard cells.

Referring to FI1G. 13, a generalized block diagram of a top
view of a standard cell layout 1300 1s shown. Layout
clements described earlier are numbered 1dentically. Here,
the layout 1300 1s the same as the layout 1200. Similar to the
layout 1200, the post locations for the power connections at
the top and the ground connections at the bottom are not be
fixed at the chip level and can be moved inside the standard
cells. Here 1n layout 1300, the placement of the vias 1210
and the optional Metal2 1220 posts are different from the
placement used 1n the layout 1200. The Metall 810 routing,
1s used to provide tlexible placement of the connections for
power and ground.

Referring now to FIG. 14, one embodiment of a method
1400 for creating layout for a standard cell 1s shown. For
purposes of discussion, the steps in this embodiment are
shown 1n sequential order. However, in other embodiments
some steps occur 1n a different order than shown, some steps
are performed concurrently, some steps are combined with
other steps, and some steps are absent.

A Tull trench silicide strap 1s routed between at least two
transistors in a standard cell (block 1402). As described
carlier, the tull trench silicide strap 1s a single, uninterrupted,
trench silicide contact formed as a drain region of at least
two separate transistors. In other words, the full trench
silicide strap 1s a single conductive layer that 1s physically
uninterrupted by another conductive layer as 1t traverses at
least two different active regions. In an embodiment, the at
least two separate transistors are a pmos transistor i a
p-type active region and an nmos transistor in an n-type
active region. In some embodiments, the full trench silicide
strap 1s used as an intermediate output node within the
standard cell. By not using any other conductive layer for the
route, routing congestion 1s reduced within the standard cell.
In various embodiments, the full trench silicide strap 1s a
unidirectional strap since 1t has no bends in its routing. In
one embodiment, a self-aligned gate and local interconnect
process 1n addition to a gate open contact process 1s used to
create the full trench silicide strap.

Multiple umidirectional metal zero signal routes are placed
in the standard cell layout, each connected to a respective
one of multiple trench silicide contacts (block 1404). In
some embodiments, an extreme ultraviolet lithography
(EUV) technique 1s used to provide the resolution of each of
the width and the pitch of these unidirectional metal zero
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signal routes. In some embodiments, a number of unidirec-
tional metal zero signal routes placed 1 a p-type active
region of the standard cell 1s equal to a number of unidi-
rectional metal zero signal routes placed 1n an n-type active
region of the standard cell. As shown earlier in FIGS. 5-13,
the standard cell layouts 500-1300 included three unidirec-
tional metal zero signal routes placed in each of the p-type
active region and the n-type active region. These unidirec-
tional metal zero signal routes are shown 1n groups 610 and
620. However, in other embodiments, any number of uni-
directional metal zero signal routes are possible and con-
templated. In an embodiment, areas outside the trench
silicide contacts are available for signal routing and power
and ground connections using metal zero.

One or more mput/output pins are placed such that the
input/output pins are extended from the top to the bottom of
the standard cell (block 1406). In various embodiments, a
highest metal layer used for the input/output pins 1s metal
one. In some embodiments, the mput/output pins are unidi-
rectional routes 1n metal one. Power and ground connections
utilizing pins 1nstead of end-to-end rails are iserted 1n the
standard cell (block 1408). Intermediate nodes 1n the stan-
dard cell are routed with unidirectional signal routes within
corresponding unidirectional tracks (block 1410). The use of
umdirectional signal routes i1s possible due to the above
layout steps. Therelore, routing congestion 1s reduced, stan-
dard cell placement 1s flexible and multiple cell heights are
available.

The standard cell layouts 500-1300 and method 1400
shown above provide full trench silicide straps providing
more eflicient cell signal routing and horizontal groups in
Metal0 530. In addition, there are no contacted poly pitch
(CPP) slips present. Dual or more height cells are available
for optional use as the cell placement 1s not constrained by
horizontal Metal0 530 power rails and vertical Metall 810
power posts as used 1n the past technologies. Further, output
pins can now be connected 1n local interconnect rather than
by horizontal Metal0 530 and vertical Metall 810 as in the
past technologies. The additional Metal0 330 tracks located
above, below and in between the horizontal groups 610 and
620 are available for chip level routing and addition cell
connections to optimize performance or enhance DFM
yield. The Metal0 530 layer can take advantage of Blech
lengths for better electromigration (EM) tolerance/margin.
Power rails can now be inboard on smaller track libraries
that were not possible on past technologies due to cost or
immersion lithography techniques.

The layouts 500-1300 and method 1400 are based on a
new standard cell drawing style to build eflicient standard
cells with no CPP slips, and mmboard power rails and com-
pleted layouts in M1 with EUV lithography. This new
technology will improve chip level routing and allow for a
more eflicient power grid design to be created that avoid
some of the cell placement area. Existing solutions are not
using aggressive metal zero patterning or scaling to achieve
better scaling with groups of wires 1n the standard cells.
EUV and new Immersion/Process techniques are enabling
new and more ellicient constructs to help with scaling.

It 1s noted that one or more of the above-described
embodiments include software. In such embodiments, the
program 1nstructions that implement the methods and/or
mechanisms are conveyed or stored on a computer readable
medium. Numerous types of media which are configured to
store program 1instructions are available and include hard
disks, floppy disks, CD-ROM, DVD, flash memory, Pro-
grammable ROMs (PROM), random access memory
(RAM), and various other forms of volatile or non-volatile
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storage. Generally speaking, a computer accessible storage
medium includes any storage media accessible by a com-
puter during use to provide instructions and/or data to the
computer. For example, a computer accessible storage
medium 1ncludes storage media such as magnetic or optical
media, e.g., disk (fixed or removable), tape, CD-ROM, or
DVD-ROM, CD-R, CD-RW, DVD-R, DVD-RW, or Blu-
Ray. Storage media further includes volatile or non-volatile
memory media such as RAM (e.g. synchronous dynamic

RAM (SDRAM), double data rate (DDR, DDR2, DDR3,
ctc.) SDRAM, low-power DDR (LPDDR2, etc.) SDRAM,
Rambus DRAM (RDRAM), static RAM (SRAM), etc.),
ROM, Flash memory, non-volatile memory (e.g. Flash
memory) accessible via a peripheral interface such as the
Universal Serial Bus (USB) interface, etc. Storage media
includes microelectromechanical systems (MEMS), as well
as storage media accessible via a communication medium
such as a network and/or a wireless link.
Additionally, 1n various embodiments, program instruc-
tions include behavioral-level descriptions or register-trans-
ter level (RTL) descriptions of the hardware functionality 1n
a high level programming language such as C, or a design
language (HDL) such as Verilog, VHDL, or database format
such as GDS II stream format (GDSII). In some cases the
description 1s read by a synthesis tool, which synthesizes the
description to produce a netlist including a list of gates from
a synthesis library. The netlist includes a set of gates, which
also represent the functionality of the hardware including the
system. The netlist 1s then placed and routed to produce a
data set describing geometric shapes to be applied to masks.
The masks are then used 1n various semiconductor fabrica-
tion steps to produce a semiconductor circuit or circuits
corresponding to the system. Alternatively, the mstructions
on the computer accessible storage medium are the netlist
(with or without the synthesis library) or the data set, as
desired. Additionally, the instructions are utilized for pur-
poses of emulation by a hardware based type emulator from
such vendors as Cadence®, EVE®, and Mentor Graphics®.
Although the embodiments above have been described 1n
considerable detail, numerous variations and modifications
will become apparent to those skilled 1n the art once the
above disclosure 1s fully appreciated. It 1s intended that the
following claims be interpreted to embrace all such varia-
tions and modifications.
What 1s claimed 1s:
1. A standard cell layout comprising:
a plurality of transistors;
one or more trench silicide contacts, each formed on one
end of a gate region as a source region or a drain region
of a respective transistor of the plurality of transistors;

one or more full trench silicide straps, wherein each of the
full trench silicide straps 1s a trench silicide contact
formed as a single drain region for two separate tran-
sistors of the plurality of transistors, each of the two
separate transistors further comprising a respective
source region and channel region; and

a plurality of umidirectional signal routes in a metal zero

layer, wherein each route connects to a respective one
of the one or more trench silicide contacts.

2. The standard cell layout as recited in claim 1, wherein
cach of the one or more full trench silicide straps 1s a
unidirectional strap.

3. The standard cell layout as recited in claim 1, wherein
cach of the plurality of unidirectional signal routes 1n the
metal zero layer traverses no other metal layer before
reaching the metal zero layer from the respective one of the
one or more trench silicide contacts.
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4. The standard cell layout as recited 1n claim 1, wherein
the layout further comprises a cross-coupled route between
a drain contact of a first transistor and a gate contact of a
second transistor, wherein a highest metal layer 1n the route
1s metal one.

5. The standard cell layout as recited 1n claim 1, wherein
the layout further comprises one or more output pins
extended from a top to a bottom of the standard cell, wherein
a highest metal layer used for each of the one or more output
pins 1s metal one.

6. The standard cell layout as recited in claim 5, wherein
at least one of the one or more output pins 1s routed 1n a
unmidirectional manner from the top area to the bottom area
of the standard cell.

7. The standard cell layout as recited 1n claim 1, wherein
the layout further comprises power and ground connections
utilizing pins instead of end-to-end rails.

8. The standard cell layout as recited 1n claim 1, wherein
one or more of signal routing and power and ground
connections using metal zero are placed 1n areas outside the
one or more trench silicide contacts.

9. A method comprising;

forming one or more trench silicide contacts, each 1s a

trench silicide contact formed as a source region or a
drain region of a respective transistor of a plurality of
transistors:

forming one or more full trench silicide straps, wherein

cach of the full trench silicide straps 1s a trench silicide
contact formed as a single drain region for two separate
transistors of the plurality of transistors, each of the two
separate transistors further comprising a respective
source region and channel region; and

routing a plurality of unmidirectional signal routes in a

metal zero layer, wherein each route connects to a
respective one of the one or more trench silicide
contacts.

10. The method as recited 1n claim 9, wherein each of the
one or more full trench silicide straps 1s a unidirectional
strap.

11. The method as recited 1n claim 9, wherein each metal
layer track 1n the standard cell 1s a unidirectional track.

12. The method as recited 1n claim 9, wherein a highest
metal layer in a cross-coupled route between a drain contact

of a first transistor and a gate contact of a second transistor
1s metal one.

13. The method as recited 1 claim 9, wherein a highest
metal layer used for each of one or more output pins
extended from a top to a bottom of the standard cell 1s metal
one.

14. The method as recited 1n claim 9, wherein power and
ground connections utilize pins instead of end-to-end rails.

15. A non-transitory computer readable storage medium
storing a plurality of instructions which, when executed,
generate an integrated circuit layout that comprises:

a plurality of transistors;

one or more trench silicide contacts, each 1s a trench

silicide contact formed on one end of a gate region as
a source region or a drain region ol a respective
transistor of the plurality of transistors;

one or more full trench silicide straps, wherein each of the

full trench silicide straps 1s a trench silicide contact
formed as a single drain region for two separate tran-
sistors of the plurality of transistors, each of the two
separate transistors further comprising a respective
source region and channel region; and




US 11,211,330 B2

13

a plurality of umidirectional signal routes in a metal zero
layer, wherein each route connects to a respective one
of the one or more trench silicide contacts.

16. The non-transitory computer readable storage medium
as recited 1n claim 15, wherein each of the one or more full
trench silicide straps 1s a umdirectional strap.

17. The non-transitory computer readable storage medium
as recited 1 claam 15, wheremn each of the plurality of
unidirectional signal routes in the metal zero layer traverses
no other metal layer before reaching the metal zero layer
from the respective one of the one or more trench silicide
contacts.

18. The non-transitory computer readable storage medium
as recited 1n claim 15, wherein a highest metal layer 1n a
cross-coupled route between a drain contact of a first tran-
sistor and a gate contact of a second transistor 1s metal one.

19. The non-transitory computer readable storage medium
as recited 1n claim 15, wherein a highest metal layer used for
cach of one or more output pins extended from a top to a
bottom of the standard cell 1s metal one.

20. The non-transitory computer readable storage medium
as recited 1n claim 15, wherein power and ground connec-
tions utilize pins instead of end-to-end rails.
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